Introduction
Many middle-income countries are anticipating a future increase in the burden of disability as a consequence of population ageing. However, extrapolation from rates of disability among current cohorts of older individuals may offer misleading estimates of the extent of this burden. Secular trends in lifestyles and environmental factors may lead to future cohorts who age with less (or more) disability at comparable ages. This paper examines how one such lifestyle shift*declining fertility*might mitigate future disability burdens in Iran, where one of the most dramatic fertility reductions in recent history transpired during the 1980s and the 1990s.
The objective of this paper is to examine whether lower parity is associated with improved health at old age. If low parity is associated with better health at old age, then a country like Iran will reap a low fertility dividend in terms of better health for its ageing population.
The population of Iran is an ideal one to test for these effects due to its recent fertility decline. The rapid fertility decline in Iran, which has started in the 1980s, means that the population aged 50Á70' in Iran actually exhibits substantial variability in completed parity. Western populations whose fertility decline has occurred much earlier have very few women with parity greater than eight, making it far more challenging to find effects of high parity.
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Background

Fertility Trends in Iran
Although family planning programmes began as early as the late 1960s in Iran, fertility in Iran began its marked decline only after the Iranian Revolution. Between 1980 and 1996, the total fertility rate (TFR) dropped from 7.0 to 2.8, and by 2006, TFR had reached below replacement level (1.9). Between 1986 and 1990, age-specific fertility rates declined among those aged 25Á29 and 30Á34 (Abbasi-Shavazi & McDonald 2005) , and by 1990, all age groups had experienced a decline in fertility rate, coinciding with the reintroduction of a national family planning programme. These trends were similar in both urban and rural areas, where by 2006, TFR hovered near to or below replacement, 1.8 and 2.1, respectively ).
The dramatic fertility declines of the past three decades have contributed to the ageing of the Iranian population, a process which will accelerate in future decades. Iran's fertility reduction has been particularly rapid, and the question of how recent fertility reductions might affect future population health is of interest to many other low-and middle-income countries now undergoing similar demographic shifts.
Today's older women and men had borne children at a time when high parity was common, and life, not expected to be long*life expectancy at birth was estimated to be around 30 years in the early twentieth century and had risen only to 45 years by the 1950s (Bharier 1968 , United Nations 2007 ). Today's older generation expect to have large families to care for them in the infirmities of old age. However, health in later life is a reflection of experiences across the lifespan, including childbearing, and the question of whether or not lower fertility will be associated with better health may tell us something about what we might expect for later cohorts, who will have borne fewer children.
Childbearing and Later-Life Health
Links between parity, or the number of children ever born, and later-life health outcomes have been investigated in diverse historical and contemporary populations (Hurt et al. 2006) . While some studies have found a positive association between parity and the subsequent risk of mortality and certain chronic diseases (Beral 1985 , Kvale et al. 1994 , Friedlander 1996 , Westendorp & Kirkwood 1998 , Smith et al. 2002 , Dribe 2004 , others have reported that higher total parity is associated with increased longevity and a lower risk of degenerative illnesses (Muller & Reutzel 1984 , Green et al. 1988 , Manor et al. 2000 . In some studies, the association has been described as U-shaped, with both childless women and women with relatively high parity experiencing higher risks of both mortality and long-term illnesses than women with one or a few children (Doblhammer 2000 , Grundy & Tomassini 2005 .
Pregnancy, delivery, breastfeeding and childrearing can take a direct physiological toll on women with consequences that affect their health into later life (Abou Zahr & Royston 1991) . The accumulated physiological demands of repeated childbearing can affect women's health in the short and long term. In particular, close spacing of births and extended periods of lactation have been linked to potential malnutrition, loss of energy and poor consequent health*a process known as maternal depletion (Winkvist et al. 1992) . A high pace of childbearing also increases the time mothers spend caring for multiple young children simultaneously*a task that is likely to be straining and to affect 264 MEIMANAT HOSSEINI-CHAVOSHI ET AL.
women's health status both in the short and long term. Investigations of birth spacing in relation to mothers' nutritional status (Miller et al. 1994 ) and mortality (Ronsmans & Campbell 1998 , Alter et al. 2002 , Menken et al. 2003 , Grundy & Tomassini 2005 have yielded mixed results, with some reporting no association and others finding a significant positive association between short birth intervals and the likelihood of mortality and long-term illnesses.
The difficulty in definitively characterising the relationship between parity and later-life outcomes is most likely due to the myriad biological, psycho-social and cultural factors that jointly influence the relationship between childbearing, health and longevity. Cultural and social factors, and especially son preference, may exercise an important influence on women's total parity (Setty-Vanugopal & Upadhyay 2002) . The long-term consequences of parity and children's gender composition for older adults in a Middle Eastern setting have been recently examined in a study by Engelman et al. (2010) , which shows that while higher parity has been associated with poorer physical functioning in later life, social norms and familial roles may underlie a differential impact of sons and daughters on the health of mothers and fathers in later life (Engelman et al. 2010) . The biological effects are theorised to be negative ones, accruing through repeated foetal demands on maternal stores of calcium and iron, as well as repeated potential trauma to the pelvic floor. Raising young children can be psychologically stressful and as family size becomes large, the intensity and complexity of household management multiply. Later during old age, large families offer a form of compensation from psychological and financial support provided by grown children (Engelman et al. 2010) .
Methods
Study Setting and Sampling Design
This study uses data from the 2007 Taft Ageing Health and Fertility Survey (TAHFS). The 2007 TAHFS was conducted in Taft*one of the districts in the central Iranian province of Yazd. The province is highly urbanised, enjoys high socio-economic characteristics and has displayed a total fertility below replacement level (Abbasi-Shavazi et al. 2009, pp. 47Á62) .
According to the 2006 census, the Taft district had a population of 47,260, with 38 per cent living in urban areas, and 62 per cent, in rural areas. The target population for the survey was 5567 women aged 50Á79 residing in around 13,800 households in the Taft district. The sample size for the survey was determined as 700 eligible women evenly distributed across the age groups 50Á59, 60Á69 and 70Á79 in the rural and urban areas of the district. A random, systematic cluster sampling method was applied to identify the respondents in 70 clusters in the field to obtain a representative sample for the district. Clusters, or primary sampling units, were selected with the probability of inclusion proportionate to size (46 clusters in rural areas and 24 clusters in urban areas). The 2006 census maps were used to identify the clusters in urban areas, and information for rural areas was obtained from the rural health network system. A complete household census was conducted in each cluster to identify eligible women in each cluster. The size of each cluster varied based on the number of households that was necessary to identify 10 women in each cluster. In urban areas, for example, there were less eligible women in each cluster, and thus, more households in each cluster were visited to reach the target
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sample. Altogether, 696 ever-married women aged 50Á79 were interviewed, with an overall response rate of 99.4 per cent. The reason for this high response rate was that all interviewers were selected from the medical general practitioners (GPs) and health officers from the health centres in urban areas with the help of those working in the health houses in rural areas, who were familiar with the field and who were able to identify the respondents. The interviewers were trained in a workshop prior to the survey.
Instrument Design
Data were collected using a questionnaire with mainly closed-and a few openended questions, which were developed for the survey and piloted in the district prior to the data collection. The participants were asked to report their socio-demographic characteristics (including age and educational attainment), work history, area of residence, marital status, age at marriage, husband's education as well as the number of children ever born and birth history. Each participant was also asked information about her health situation. The data indicated which individual received help and which person gave help. This was a unique data set designed to examine the relationship between fertility, labour force participation and later-life health, including both measures of respondents' perceived health as well as physician-rated health scores.
For data collection, 10 interview teams were assembled including a general medical practitioner (GP) and a health officer. This combination enabled the team not only to interview the respondents, but to measure and evaluate the health condition of the respondents scientifically. The health assessments conducted by the GPs included measurements such as body mass index, blood pressure and an overall rating of health assigned by the GP. GPs and health officers attended a workshop on how to systematically assign health ratings. A supervision team, including the director of the health centre and two senior health officers of the Taft Health Network System, monitored the data collection and the accuracy of the completed questionnaires. The data entry was done using the Epi-Info software, and the data analysis was conducted using the SPSS and Stata software.
Dependent Variable
In addition to the self-rated health assessments provided by the respondents, the GP interviewers were asked to rate the functional status (hearing, visual, physical/mobility, cognition, psychological) and overall health of the women between 0 and 10. Our analysis showed that GP-rated health was a better measure of health status than self-perceived health. Thus, the dependant variable in this regression analysis was GP-rated health*a continuous variable ranging from 0Á10. On average, the mean score for GP-rated health was 7.8 with a standard error of 0.4. Table 1 shows the independent variables used in our analysis. Three groups of independent variables were included in the regression analysis to explain the extent to which the past fertility behaviour of women was related to their well-being in their old age. The main variables were parity and birth interval. Respondents were asked a range of standard questions about the number of children they ever had, the children's 266 MEIMANAT HOSSEINI-CHAVOSHI ET AL. survival and whether the children lived with them or elsewhere. Parity was divided into three categories: 0Á4 children (24.4 per cent), 5Á7 children (36.4 per cent), and eight or more children (39.2 per cent). The threshold for observing the impact of parity on health status was identified as eight children or more, which was called higher parity in this analysis. Birth interval was also divided into four groups: less than two years (9.1 per cent), 2Á3 years (43 per cent), 3Á4 years (24.1 per cent) and more than four years (19 per cent). The first category*less than two years*was chosen as the reference category 
Independent Variables
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(short interval). A second set of variables included such socio-demographic characteristics as age, highest level of education and area of residence. Work participation and economic satisfaction were also taken into the analysis as part of the second group. The average age for respondents was 62.3 years. Respondents were divided into three age groups: 50Á59 years (43.3 per cent), 60Á69 years (33.0 per cent) and 70Á79 years (24.7 per cent). Less than half (42 per cent) of the women were literate, and around 34 per cent were living in urban areas. The number of surviving daughters was a variable that indicated social and family support for women rather than fertility behaviour, and thus, it was included in this category.
Women were asked about their employment and source of income, and then they were asked whether, in general, they were satisfied with the financial situation of their household. The response categories were completely satisfied, partly satisfied and dissatisfied. For this analysis, economic satisfaction was used as a dichotomous variable*satisfied and dissatisfied.
Finally, there was a group of variables that were not included in the regression model analysis, but they showed the health status of women suffering from specific diseases. These variables could be considered either as independent variables or as dependent variables in other studies. For example, a majority of the respondents (52 per cent) reported having osteoporoses while 35 per cent reported having high blood pressure. Around 18 per cent reported having diabetes and heart diseases, and 14.5 per cent had had a hysterectomy. We explored logistic models with each of these chronic diseases as the dependent variable, but there were few significant coefficients due to low statistical power to detect determinants of any one disease.
Analysis
After exploring the correlation between GP-and self-rated health, we chose to focus on GP-rated health in this paper. There was no statistically significant difference between women's rating of health on a five-point scale and GP-rated health, but self-rated physical health was more easily confounded by cognitive and emotional effects. We did not model cognitive health as a dependent variable that might be affected by parity because we were concerned with the physiological effects of childbearing. Apart from rare catastrophic events, such as fat embolism or hemorrhagic shock (Sheehan's syndrome), there would be few direct effects from pregnancy and childbirth on brain function. Models of association between parents' cognitive health and childbearing might be more affected by the socio-economic effects of having more children to offer cognitive stimulation to, and a more information-dense life course, than by physiology.
To meet the objective of this paper, bivariate and multivariate regression models were applied to the TAHFS to identify the factors underlying the similarities and differences between women with lower and higher parity. The hypothesis to be tested was whether or not high parity and short birth interval were associated with well-being at old age, controlling for other socio-demographic variables explained earlier. Our preferred model first controlled for all observable factors that could confound high parity, namely, shorter birth intervals, advanced age, literacy, occupational status and surviving children. We then tested the robustness of this preferred model by comparing it to other models with fewer sets of variables.
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In total, we ran seven different ordinary least squares regression models with successive models distinguished by the sequential addition of seven blocks of confounding variables.
The general model is as follows:
Besides parity, the models included a four-way categorisation of the size of the shortest birth interval ever observed in each woman's birth history. The reference group was defined as women whose shortest closed birth interval was less than two years (9.1 per cent of the sample). As one of the correlates of higher parity was shorter birth intervals, the inclusion of birth-interval data helped the analysis to distinguish between the independent effects of the sheer number of births and the effects of not having long recovery times between births.
Prior studies of the effects of parity have shown that its effects on health are non-linear (Doblhammer 2000 , Grundy & Tomassini 2005 . We tried multiple categorisations of parity including: (a) a single continuous variable for parity; (b) dummy variables for every category of parity; (c) a quadratic expression of parity; and (d) a three-way categorisation of low (1Á4 births), medium (5Á7 births) and high (eight or more births). In exploratory data analysis, the three-way categorisation offered the best way to permit non-linearity without imposing a high number of parameters to estimate (results from analysis with other treatments of parity are available from the authors upon request). Regression models controlled for clustering.
Results
As can be seen from Table 1 , the population surveyed in 2007 was aged 50Á79 and had a mean age of 62.3 (SD 0.32). They would have been born between 1927 and 1957. Since Iranian fertility decline began in 1986, the oldest respondents born between 1927 and 1947 (57.7 per cent of the sample) would have completed their childbearing by 1986. Those born between 1947 and 1957 would have spent more than a decade of their fertile years being exposed to the reductions in fertility. This group of 50Á59-year-olds constitutes 43.3 per cent of our sample and offers the study the needed variation in parity to identify the effects of parity on health. However, the sample design also implies that lower parity is confounded with younger age and longer exposure to the Iranian fertility transition.
The sample is 34.2 per cent urban, which is somewhat less than the overall population of the Taft district (38.3 per cent at 2006 census). Literacy rates are 42 per cent. Most (73.9 per cent) of the sample are still married with the remainder widowed. The GP ratings for the population are 7.8 out of 10 and 8.8 out of 10 on rating scales for physical health and cognition, respectively.
In Table 2 , the preferred model (Model 1) shows that parity less than eight is associated with a statistically significant improvement of 0.9 to 0.094 points out of 10 at older ages on a GP-rated health scale. The parity effects are robust across all alternative models. Parity effects do appear to be confounded by age because in Model 2, when age is excluded from the model, the parity coefficient sizes more than double to THE HEALTH OF OLDER WOMEN AFTER HIGH PARITY IN TAFT 0.189Á0.235 and remain statistically significant. There is also evidence of confounding on urbanity because in Model 3, with urbanity excluded, the parity effect coefficients are also larger (at 0.116Á0.155) than they are in Model 1. Models 4Á7 insert various types of socio-economic status controls, but none of these appear to yield large changes compared to Model 1. The effect of parity adjusting for a variety of confounders remains robust in the range of 0.09.
Other findings include some evidence that lengthening birth interval to 3Á4 years is associated with 0.105 additional points on the GP-rated health scale (significant at pB0.1). Adding economic satisfaction (Model 1), however, does diminish the statistical significance of some of the birth interval categories, so that the p-value on a birth interval 270 MEIMANAT HOSSEINI-CHAVOSHI ET AL.
of 3Á4 years becomes 0.072. The parity effects appear to be independent of the effects of shorter birth intervals. Birth interval effects appear to be confounded with age and urbanity, as can be seen by observing how the birth interval coefficients are smaller in Model 1 than models containing these covariates. In Models 2, 3, 6 and 7, the salutary health effects of having fewer than five children (compared to more than eight) are stronger than having between five and seven births (compared to eight). However, in other models, the effect sizes are similar for both low and medium parities compared to high parity.
Model 1 indicates that the number of surviving daughters does not have significant effects on GP-rated health, net of all other variables. Covariates that are associated with better health in Model 1 are urban residence (b00.136, t 03.3), never farmed (b00.122, t 0 3.1) and economically satisfied (b00.111, t 03.2). These effects are all robust to other specifications. Literacy has no significant association with GP-rated health, controlling for other measures of socio-economic status.
Discussion
Referring to Model 1, one finds that the net effects of parity reductions on GP-rated physical health are 0.090 to 0.094 additional points, controlling for all measured confounders. It is also noteworthy that in Model 1, each decade of age is associated with a reduction of 0.20 to 0.23 points of GP-rated health. Compared to the effects of ageing, having parity below eight would have effects that are 0.38 ( 00.090/0.235) to 0.4 (00.094/0.234) as large as the effect of being 10 years younger based on the coefficients for parity less than five or between five and seven, respectively. In other words, a 60-year-old woman with eight children would have equivalent health to a 64-year-old woman who has had parity lower than eight.
The effects of parity on health appear to be robust to the inclusion of multiple observed confounders. There is evidence of confounding between age and parity that the analysis may not be able to fully eliminate. An additional major limitation of the study is the inability of the analysis to control for unobservable confounders that might be related to a woman experiencing early marriage, high parity and poor health in old age. The variable we have used to control for economic status* 'Are you satisfied with your economic situation?'*may not capture all of the variability in a woman's economic situation. Thus, the claims we make about the effects of parity on health are to be seen as associations and not conclusive evidence of causal effects.
Another limitation is that the sample is only representative of a mostly rural population from one central Iranian province. One must refrain from generalising too broadly from this sample. One important feature of the sample is that fertility experience spans a unique period of fertility transition. It is rare in Iran today to observe women under 50 with extremely high parity. Yet, the older cohorts whose fertile years predate the fertility transition make up a large part of Iran's current senior population. Indeed, in our sample, the women with high parity comprise 39 per cent of the sample.
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Conclusions
This paper is one of a few that links measures of health at old age to measures of parity. It is the only such study from Iran. The result is useful for health systems planning because it suggests that the lower fertility and parity of women who are now under 50 may partially mitigate Iran's future burden of disease or disability.
The association is also important for those engaged in debates over population policies because it gives evidence of a low fertility dividend that could improve the health of the population undergoing a fertility decline. There could be an important lesson for countries where high parity is due to substantial unmet need for family planning. Iran's fertility decline has been due to many factors including general investments in health houses, vaccination and primary care ). However, an important part of the fertility transition in the 1980s has been a reduction in childbearing for all women with parity two or more, as well as a widening of the birth interval between parity two and three (Hosseini-Chavoshi et al. 2006) . Access to modern family planning methods have played a part in this shift (Salehi-Isfahani et al. 2009 ). Providing women who seek lower fertility access to family planning to achieve it can potentially pay off in the form of better health at older ages.
The implications of changes in fertility and childbearing patterns across the developing world for later-life health are not yet known. Most studies on ageing do not include detailed information on birth histories, and most fertility studies focus on women of reproductive ages. Yet, we know that declines in fertility can transform maternal health in the short term, and this study suggests that effective family planning may also pay off in the form of better health in later life.
